The influence of cardiovascular signs (CVS) on cognitive performance was examined in 227 older adults not suffering from dementia between 75 and 96 years of age who were sampled from the community. Participants received a comprehensive physical examination that included specific evaluation of current CVS, including dyspnea, cardiac murmur, and edema in lower limbs. They were administered tests of digit span, episodic recall and recognition, verbal fluency, and visuospatial skill. CVS were found to predict performance on tests of episodic memory and visuospatial skill, after the effects of age, education, gender, relevant drug use, and mood symptoms were controlled for. Although CVS accounted for relatively little general performance variation, the findings are relevant to the understanding of normal variation in late-life cognitive performance. Finally, CVS increased with age and accounted for a sizable proportion of the age-related cognitive variation.
ARDIOVASCULAR disease (CVD) is common in old age. Evidence suggests that prevalence rates for cardiac failure doubles every decade across the adult life span (Kannel & Belanger, 1991) . Prevalence rates for chronic cardiac failure have been found to increase from around 10% at age 70 to around 50% at age 85 (Haavisto, Geiger, Mattila, & Rajala, 1984; Landahl, Svanborg, & Åstrand, 1984) . In the Framingham Study, one third of the population between 80 and 89 years of age was diagnosed with coronary heart disease (Wolf & D'Agostino, 1998) .
The degree to which CVD can affect cognitive functioning is probably seen most clearly in the pathogenesis of vascular dementia. Sulkava and Erkinjuntti (1987) noted that several physiological processes may influence the severity of cognitive decline and the progression rate of vascular dementia, including cardiac failure, arterial hypotension, and hypoperfusion.
A variety of cognitive problems have been documented also among older individuals with cardiac disease, who are not suffering from dementia. For example, Barclay, Weiss, Mattis, Bond, and Blass (1988) examined patients with severe CVD who were free from stroke and dementia. Marked cognitive deficits, including memory problems, were observed in 40% of the study sample. The authors concluded that cardiac disease is associated with a number of systemic failures, including hypoxia, small vessel disease, and arrhythmia, that may have a direct impact on brain function. Relatedly, findings from the Normative Aging Study indicate that myocardial infarction may lead to impairment in memory as well as in general cognitive status (Spiro, Riggs, Elias, & Vokonas, 1998) .
Research on the cognitive correlates of CVD has focused on specific symptoms and their relationship to cognitive performance. The most common symptom, hypertension, has been associated with deficits in several cognitive functions, including attention and memory (Elias, Wolf, D'Agostino, Cobb, & White, 1993; Sands & Meredith, 1992; Wilkie, Eisdorfer, & Nowlin, 1976) . However, other investigations have failed to document hypertension-related cognitive deficits (Sherr, Hebert, & Smith, 1991; Starr & Whalley, 1993; van Boxtel et al., 1998) . Starr and Whalley (1993) suggested that, when examining the association between hypertension and cognitive impairment in elderly adults, secondary variables such as age, other CVD symptoms, type of drug treatment, and life-style behaviors are likely to influence the relationship. Thus, in addressing the relationship between CVD and cognitive performance, it is important to consider a range of CVD signs and evaluate these constellations of signs with respect to potential intervening variables (e.g., age, education, type of treatment) that have been found to influence cognitive performance in old age (Bäckman, Small, Wahlin, & Larsson, 1999) .
Although there is evidence that patients with confirmed CVD may have cognitive deficits, the extent to which specific signs of cardiovascular deficiency (e.g., cardiac murmur, dyspnea, edema in the lower limbs), henceforth referred to as cardiovascular signs (CVS), predict cognitive performance is largely unknown. However, van Boxtel and colleagues (1998) recently observed that various CVS contributed only modestly to the variability of cognitive performance among normal old adults.
The purpose of the current investigation was to provide further evidence concerning the role of CVS in late-life cognitive functioning, using a population-based sample of nondemented older adults. Regression procedures were used to examine the contribution of demographic variables and CVS to cognitive performance. The chief objective was to isolate the potential influence of CVS on cognitive functioning in the presence of intervening variables.
For the assessment of cognitive performance, tests of episodic memory, visuospatial skill, verbal fluency, and digit span were used. The rationale behind this task selection was that measures of episodic memory and visuospatial skill have been shown to be particularly sensitive to a variety of conditions affecting brain function. This includes severe conditions such as head trauma (Lezak, 1995) , Alzheimer's disease (Morris, 1996) , and Huntington's disease (Brown & Marsden, 1988) , as well as less devastating conditions such as depression (Bäckman & Forsell, 1994) , vitamin deficiency (Wahlin, Hill, Winblad, & Bäckman, 1996) , and normal aging (Salthouse, 1991) . The apparent sensitivity of these cognitive functions to various alterations of normal brain functioning may reflect the fact that they draw on a widespread network of brain regions in which dysfunctions at multiple sites are capable of disrupting performance (Cabeza & Nyberg, 1997; Fletcher, Frith, & Rugg, 1997; Parkin, 1993) . The remaining measures of verbal fluency and memory span were included to assess whether potential effects of CVS on episodic memory and visuospatial skill would generalize to other cognitive domains.
M ETHODS

Participants
The sample was taken from all the inhabitants in the Kungsholmen parish of Stockholm, Sweden, aged 75 years and older (2,368 individuals) who were included in a largescale epidemiological survey on aging and dementia. A more detailed description of the population and methods used has been reported elsewhere (Fratiglioni et al., 1991; Fratiglioni, Grut, Forsell, Viitanen, & Winblad, 1992) . Briefly, in the first phase, 1,810 individuals from the whole study population were administered a questionnaire, which included the Mini-Mental State Examination (MMSE; Folstein, Folstein, & McHugh, 1975) , to detect suspected dementia cases. In the second phase, all those with an MMSE score below 24 and a random sample of those with an MMSE score above 23 were assessed with an extensive medical examination, social and family interviews, laboratory blood analyses, and a comprehensive cognitive test battery ( n ϭ 528). From this examination, a consensus diagnosis of those individuals with dementia, according to the Diagnostic and Statistical Manual of Mental Disorders (3rd ed.-Rev.; DSM-III-R) criteria (American Psychiatric Association, 1987), was obtained (Fratiglioni et al., 1992) .
The current sample was taken from the group of individuals who were not diagnosed as suffering from dementia in the previously described procedures ( n ϭ 351). The sample was further screened on the basis of the following criteria. First, individuals with a history of stroke or Transient Ischemic Attack (TIA) were excluded ( n ϭ 41). Second, individuals with psychiatric diseases (e.g., depressive disorder, psychosis) were omitted ( n ϭ 54). In addition, individuals who did not complete the cognitive or medical examination were eliminated ( n ϭ 29). The final sample consisted of 227 persons not suffering from dementia between 75 and 96 years of age.
Materials and Procedure
Medical screening.-The medical examination, performed by physicians, involved clinical assessment of the presence or absence of three specific CVS: (a) systolic and/ or diastolic murmurs, (b) dyspnea, and (c) edema in the lower limbs. In addition to the cardiac symptoms, arterial blood pressure was assessed in sitting position with a mercury sphygmomanometer, after the participant had rested for 5 min.
Assessment of mood symptoms.-Given that there may be a relationship between CVS and alterations in mood, we included an index of mood symptoms in the present study. The mood variable was derived from the Comprehensive Psychopathological Rating Scale (CPRS; Åsberg, Montgomery, Perris, Schalling, & Sedvall, 1978) . This scale is commonly used as a basis for diagnosing major depression and dysthymia (e.g., Forsell, Jorm, & Winblad, 1994) according to DSM-IV (American Psychiatric Association, 1994) criteria. From the CPRS, four symptoms were selected that reflect mood-related disturbance (i.e., dysphoria, appetite disturbance, feelings of guilt, and suicidal thoughts). Following DSM-IV, these data were coded in terms of 0 (no symptom) or 1 (presence of symptom). The four symptoms were added to form a composite mood score with a possible range of 0-4. In the present sample, 207 persons had no mood symptoms, 15 had one such symptom, 4 had two symptoms, and 1 had three symptoms.
Assessment of drug usage.-Information on drug usage was gathered from interviews. The participants were asked about both prescription and nonprescription drug use and drug containers were inspected to confirm the information. A drug was considered to be "used" if it was being taken at the time. An "as required" drug was considered to be used if it had been used in the previous 2 weeks.
The drug data were classified according to the Anatomical Therapeutic Classification system, as recommended by the World Health Organization (1990) . This is a five-level coding system based on anatomical, therapeutic, pharmacological, and chemical groups. The classification, coding, and entering of data into a computer was done by an experienced pharmacist (Wills et al., 1996) .
Cognitive assessment.-All cognitive testing took place in the morning. The Digit Span Test from the Wechsler Adult Intelligence Scale-Revised (WAIS-R; Wechsler, 1981) was used. Forward and backward repetition of digits was administered according to standard procedures.
Episodic memory was assessed by two word recall tasks and a face recognition task (Wahlin et al., 1993) . The recall tasks included four word lists, each comprised of 12 concrete nouns (e.g., child, pencil, horse, bicycle). Two of these lists were used for recall of rapidly presented words, whereas the other two were used for recall of slowly presented words. All 48 nouns belonged to different taxonomic categories. The nouns in the four lists were comparable with regard to word length, concreteness, and imagery, as determined by a previous normative study (Molander, 1984) . For recall of rapidly presented words, participants were presented with the words at a rate of one every 2 s. Approximately half the participants received one of the lists prepared for this task, whereas the other half received the other list. Words were presented consecutively in a booklet, and the experimenter read the words aloud simultaneously. Participants were instructed to remember as many words as possible for purposes of later recall. Following presentation of the last word in the series, participants free recalled orally, and the experimenter recorded their responses. For recall of slowly presented words, learning and testing procedures were identical to those used for recall of rapidly presented words, with the exception that the words were presented at a rate of one every 5 s. Participants were given 2 min for each recall task. No person reported requiring further time for recall.
The face recognition task comprised pictures of 20 dated famous faces and 20 contemporary famous faces. Pictures were presented randomly, one at a time, for 5 s each. In the recognition test, these faces were again presented randomly intermixed with an equal number of distractors, of which half were dated and the other half contemporary famous faces. For each face, participants were asked to respond "yes" or "no" as to whether they recognized the face from the previous presentation. Hits (H) and false alarms (FA) were calculated. To control for guessing, H-FA was used as the outcome measure for face recognition.
Verbal skill was assessed by means of word fluency tests. Two letter fluency tasks and one category fluency task were administered according to the following procedure: In letter fluency, participants were asked to generate as many nouns as they could think of in 1 min beginning with the letters N and S, respectively, excluding proper names, numbers, and the same word with a different suffix. In category fluency, participants were asked to generate as many items as possible that can be found in a grocery store. One minute was allowed for this task also.
Visuospatial skill was assessed by a modified version of the Block Design Test from the WAIS-R (Wechsler, 1981) that was administered according to standard procedures. There were two orders of task presentation, with approximately half the participants receiving each presentation order.
R ESULTS
There were no effects of order of task presentation or list ( p s Ͼ .50); hence, the data were collapsed across these variables. Recall of the rapidly and slowly presented word lists were highly correlated ( r ϭ .47, p Ͻ .001), and these two variables were averaged to form a composite word recall score. The data for recognition of dated and contemporary faces were also highly related ( r ϭ .80, p Ͻ .001) and averaged into one composite face recognition score. Finally, the two letter fluency tasks were strongly interrelated ( r ϭ .75, p Ͻ .001) and averaged to form a composite letter fluency variable. Summary statistics for the demographic and cognitive variables are presented in Table 1 . As can be seen, the sample was relatively old, with a mean age of 84.4 years, and 81% of the individuals were women. Participants reported an average of 9 years of formal schooling, which is representative of the educational attainment of this cohort in Stockholm, Sweden (Statistiska Centralbyrån, 1985) .
The mean systolic blood pressure was 156.92 ( SD ϭ 21.99) and the mean diastolic blood pressure was 81.23 ( SD ϭ 11.31). Both blood pressure measures were unrelated to all demographic and cognitive variables as well as to the number of CVS ( p s Ͼ .20). The nonexistent relationship between blood pressure and the other variables remained unchanged when participants with a systolic blood pressure above 190 ( n ϭ 9) and participants with a diastolic blood pressure above 100 ( n ϭ 7) were eliminated. Table 2 presents the distribution of CVS in the study sample divided into three age groupings. As can be seen from Table 2 , there was an age-related increase in the number of CVS ( r ϭ .20, p Ͻ .01). Although this was a sample of community-dwelling older adults screened for dementia, as well as a variety of physical and mental health conditions, 85 persons (37%) were experiencing one or more CVS. Among those persons who were experiencing any of the signs, 87% had only one sign, 9% had two signs, and in 4% of the cases all three signs were observed.
CVS and Medication
To quantify drug usage, the number of cardiovascular drugs taken per individual was computed. The mean number of drugs taken was 1.01 ( SD ϭ 1.13, range ϭ 0-4). Among those who reported drug use, the most common medication was diuretics, prescribed to nearly 40% of the sample. This was followed by cardiac glycosides and nitrates, which were prescribed to 20% and 17% of the sample, respectively.
The number of drugs taken was related to the number of CVS ( r ϭ .27, p Ͻ .01). In the group of participants without CVS, 53% ( n ϭ 75) took one or more cardiovascular drugs, whereas 61% among those with CVS ( n ϭ 52) received such medication. Although these calculations suggest that drug usage was associated with an absence of CVS in many participants, it may be noted that a sizable percentage of in- dividuals who were taking a specific drug regimen still showed CVS, as determined by the physician evaluation.
CVS and Mood Symptoms
We assessed the relationship between the number of CVS and the number of mood symptoms, as determined from the CPRS. There was a reliable positive association between these two variables ( r ϭ .18, p Ͻ .01).
CVS and Cognitive Performance
The main analyses consisted of blockwise hierarchical regressions with digit span, word recall, face recognition (H-FA), letter fluency, category fluency, and block design as the dependent variables.
To determine whether the effects of CVS on cognitive performance were independent of the demographic variables, age, education, and sex were entered in the first block for all tasks. To control for drug use, the number of drug regimens was included in the second block. In the third block, the number of mood symptoms was entered. The aggregated CVS variable was entered in the fourth block. Finally, the cross-product interactions of CVS with age, sex, and drug use, respectively, were entered to examine whether potential CVS-related effects generalized across age and sex and were independent of drug use. In evaluating the interaction effects, the age variable was centered. The results of the regression analyses are presented in Table 3 .
Level of education was positively related to performance across all cognitive tasks, whereas age was negatively related to performance in the two episodic memory tasks, category fluency, and block design. There was a female advantage in two tasks, face recognition and category fluency. The number of drug regimens as well as the number of mood symptoms exerted no effects whatsoever on cognitive performance. The number of CVS influenced performance on the episodic memory tasks and block design. Of all interaction effects assessed, only two were reliable. For backward digit span, an Age ϫ CVS interaction reflected the fact that the negative effects of CVS on performance decreased with increasing age. Finally, the CVS-related effects were greater for women than for men in category fluency.
In addition to determining the general influence of CVS on cognitive performance, we also evaluated the amount of age-related cognitive variance that could be accounted for by CVS. Using Salthouse's decomposition procedure (Salthouse, 1992) , it was found that the CVS variable accounted for between 13% and 28% of the age-related variance in those tasks for which there were reliable effects of age (word recall ϭ 27%, face recognition ϭ 15%, category fluency ϭ 13%, and block design ϭ 28%).
D ISCUSSION
The purpose of the present study was to examine the extent to which CVS can predict cognitive performance in a sample of community-dwelling older adults who were screened for diseases that are associated with cognitive deficits in late adulthood (e.g., dementia, psychiatric disease, TIA, stroke). Three specific CVS were targeted (i.e., cardiac murmur, dyspnea, edema in lower limbs), all of which may be indicative of congestive heart failure (Barclay et al., 1988; O'Keeffe & Lye, 1998) .
Consistent with prior research (for reviews, see Craik & Salthouse, 1992; Salthouse, 1991) , increasing age was associated with poorer performance on tasks assessing episodic memory, visuospatial skill, and verbal skill. The findings that (a) education was positively related to cognitive performance in general and (b) there was a female superiority in face recognition and word fluency, are also in agreement with previous work (e.g., Herlitz, Nilsson, & Bäckman, 1997; Inouye, Albert, Mohs, Sun, & Berkman, 1993) . More importantly, the aggregated CVS variables identified from the physician evaluation were predictive of both episodic memory performance (i.e., word recall, face recognition) and visuospatial skill (i.e., block design), after the effects of age, education, gender, medication, and mood-related symptoms were controlled for. However, in agreement with the results reported by van Boxtel and colleagues (1998), the effects of CVS were relatively small in terms of the amount of variance accounted for.
Several points should be noted with regard to the size of the CVS-related effects. First, the CVS variable varied between 0 and 3 and involved the number of signs only. Additional information pertaining to severity and duration of CVS may have resulted in a more sensitive assessment of the cognitive repercussions of CVS. Second, although CVS accounted for relatively little general performance variation, it accounted for considerably more of the age-related variation in both episodic memory and visuospatial skill. Thus, CVS may be added to the list of variables known to mediate the relationship between aging and cognition (e.g., sensory functioning, processing speed). Note that the effects of CVS on the age-related cognitive variation were obtained in a sample involving very old adults only. Although this is an interesting finding in its own right, it remains for future research to determine whether this pattern of results generalizes to a larger segment of the adult population. A further point to note is that the influence of CVS on cognitive functioning may be clinically relevant at the individual level, although its effects at the population level is limited.
Conceivably, in terms of their cognitive repercussions, the CVS observed in this study may be comparable to the "silent" cerebral infarctions that are known to result in slight cognitive deficits in old age (Meyer, Obara, Muramatsu, Mortel, & Shirai, 1995; Price et al., 1997) . Thus, CVS may be located relatively close to one of the anchor points on a vascular risk factor continuum, with severe circulatory diseases such as stroke and vascular dementia being located at the other end of the continuum.
An interesting observation was that the effects of CVS were unaffected by use of cardiovascular drugs. Thus, these results indicate that drug use neither aggravated nor allevi- ated the negative influence of CVS cognitive functioning. However, note that this does not imply that the negative effects of CVS on cognitive performance would have been of the same magnitude had the participants not received drug treatment. We also assessed whether the CVS-cognition relationship was modified by age or gender. With two exceptions (decreasing effects with age in backward digit span and greater effects among women in category fluency), there were no interactive effects. Whether the interactions obtained are meaningful and replicable remains for future research to determine. Although the CVS-related effects, for the most part, generalized across age and gender, it may be noted that the statistical power in detecting interaction effects in a study of this kind is relatively low (McClelland & Judd, 1993) . The effects of CVS on cognitive performance were selective. Specifically, CVS-related effects were seen in tasks assessing episodic memory and visuospatial skill, but not in tasks assessing memory span and verbal skill. This pattern of results is consistent with other research indicating that episodic memory and visuospatial skill are sensitive to numerous conditions affecting brain functioning (Squire, 1987; Lezak, 1995) . As noted, a possible reason thereof is that these functions reflect the operations of widely distributed networks in the brain (e.g., Cabeza & Nyberg, 1997) . Thus, the biological complexity of episodic memory and visuospatial skill may underlie their apparent sensitivity to a number of conditions affecting brain function, including CVS.
Although the specific mechanism by which CVS exerts an effect on cognitive performance remains unknown, there are at least two possibilities. First, CVS may reflect a more generalized vascular disturbance, with resulting effects on the central nervous system. Second, the CVS observed may be indicative of heart failure resulting in hypoperfusion in the brain (Barclay et al., 1988; Meyer et al., 1995) . In contrast, CVS was unrelated to digit span and verbal fluency. As opposed to episodic memory, memory span is relatively well preserved in many conditions affecting cognitive functioning, including devastating diseases such as Alzheimer's disease (see Bäckman et al., 1999) . Thus, it is not surprising that the presence of CVS in otherwise healthy elderly individuals does not lead to impaired performance on tests of memory span. Further, the lack of CVS-related effects in the fluency tests indicates that CVS may not affect the ability to access information from semantic memory, when either phonemic or category search is required.
The effects of blood pressure on cognitive performance were negligible. Prior research on the influence of blood pressure on cognitive performance in old age has yielded mixed results, with some studies demonstrating negative effects (Elias et al., 1993; Sands & Meredith, 1992; Wilkie et al., 1976) and others not (Sherr et al., 1991; Starr & Whalley, 1993; van Boxtel et al., 1998) . A possible reason for the lack of hypertension-related effects in this study may be that we were able to assess blood pressure only once; the advantage of multiple assessments of blood pressure is well established (Llabre et al., 1988) .
The current research adds CVS to a large number of health-related variables that have been linked to cognitive functioning in late life, including physical exercise (Hill, Wahlin, Winblad, & Bäckman, 1995) , smoking (Hill, 1989) , diabetes mellitus and impairment of glucose tolerance (Croxon & Jagger, 1995; Kalmijn, Feskens, Launer, Stijnen, & Kromhout, 1995) , levels of thyroid hormone (Denicoff, Joffe, Lakshmanan, Robbins, & Rubinow, 1990; Wahlin, Robins Wahlin, Small, & Bäckman, 1998) , and vitamin deficiency (Riggs, Spiro, Tucker, & Ruh, 1996; Wahlin, Hill, Winblad, & Bäckman, 1996) . As noted, in this study CVS generally influenced cognitive performance to the same degree across the age range examined. This is also true for most other conditions affecting cognitive functioning in adulthood and aging (Bäckman et al., 1999) . However, the fact that the prevalence of cognitively relevant conditions typically increases in old age still implies that the proportion of persons exhibiting condition-related cognitive deficits will increase in late life.
In summary, this study examined the influence of CVS on cognitive performance in a nondiseased sample of very old adults. The cumulative effect of CVS on performance was documented after age, education, gender, drug use, and mood symptoms were controlled for. Presence of CVS predicted poorer outcome in measures of episodic memory and visuospatial skill. However, measures of digit span and verbal fluency were unrelated to CVS. The findings indicate that CVS may be added to the large number of individualdifference variables that affect cognitive functioning in normal aging.
